We prospectively evaluated rates of tuberculin skin test (TST) conversion from July 1992 to June 1997 among house staff in the Emory University Affiliated Hospitals Training Program following implementation of expanded infection control measures for tuberculosis at Grady Memorial Hospital (Atlanta), which cares for Ç200 patients with tuberculosis per year. Over 5 years, documented TST conversions occurred for 52 (2.4%) of 2,144 house staff. Conversion rates decreased after the first 6 months from 5.98 to 1.09 per 100 person-years worked over the next 4.5 years (P õ .001). Multivariate analysis revealed that risk factors for TST conversion included graduation from a foreign medical school and being part of the house staff in the Department of Medicine; race or ethnicity, gender, and age were not risk factors. Over the last 4.5 years, the TST conversion rate among U.S. medical school graduate house staff (n Å 1,928) was 0.72 per 100 person-years worked, and there was no significant difference in conversion rates between house staff in the Department of Medicine and house staff in other departments. In summary, TST seroconversion rates decreased significantly following full implementation of expanded infection control measures for tuberculosis and were low (õ1% per year) among U.S. medical school graduates despite their caring for large numbers of patients with tuberculosis at an inner-city public hospital.
The resurgence of tuberculosis in the United States over ports where tuberculin skin testing was performed frequently had low or unspecified rates of participation that may have the past decade and outbreaks of institutional transmission of tuberculosis have heightened awareness of occupational exporesulted in a substantial selection bias [2] . The recent reports of institutional transmission of tuberculosure to and risk of infection with Mycobacterium tuberculosis [1 -5] . Although the increased risk of occupational exposure sis [1 -5] have highlighted the importance of effective infection control measures. The CDC has published guidelines on preto tuberculosis has been accepted by the medical community for several decades [6] , there have been few recent data on the venting transmission of tuberculosis in health care settings [9] , which include routine surveillance of all health care workers precise risk of infection due to occupational exposure [7, 8] , and the risk of M. tuberculosis infection in physicians has been (including physicians). Recent reports have noted that infection control measures for tuberculosis, especially those that emphaincompletely defined. Few training programs have had house staff undergo routine or mandatory tuberculin skin testing, and size administrative controls (which call for careful screening of patients for active disease, isolation of those with suspected despite recommendations by the Centers for Disease Control and Prevention (CDC) on routine surveillance of all health care disease, rapid diagnosis, and treatment), can effectively prevent nosocomial transmission of tuberculosis [15 -18] . workers [9] , recent reports indicate no organized, inconsistent, or incomplete programs for tuberculin skin testing of physicians We performed our study to evaluate the rate of and risk factors for tuberculin skin test (TST) conversion over a 5-year at some institutions [10 -12] . Most reports on the risk of tuberculous infection for physicians and house staff involve quesperiod among house staff in the Emory University Affiliated Hospitals Training Program following implementation of extionnaires and self-reporting of results [13, 14] , and those repanded infection control measures for tuberculosis at Grady Memorial Hospital (Atlanta) [15] . The house staff spend about 50% of their clinical rotations at this public inner-city hospital, which cares for Ç200 patients with tuberculosis annually [19] .
lic inner-city hospital that cares for Ç200 patients with active underwent chest roentgenography to exclude active disease and were then referred to an attending physician for follow-up. tuberculosis per year. Up to an additional 50 cases of tuberculosis are seen annually at the other affiliated hospitals combined.
House staff with a positive TST were encouraged to take 6 months of preventive therapy with isoniazid under the care About 50% of the clinical rotations of the house staff are done at Grady Memorial Hospital. Nearly 90% of patients with of an attending physician per the guidelines of the American Thoracic Society and CDC [20] . All care was free. M. tuberculosis disease at Grady Memorial Hospital are cared for by the Department of Medicine. Beginning in July 1992, Demographic information, residency department, postgraduate year, and information on whether the house officer attended all house staff were required to undergo mandatory routine tuberculin skin testing every 6 months unless they were able a U.S. or foreign medical school were provided by the Emory University School of Medicine Graduate Medical Education to provide written documentation of a prior positive TST. This requirement was part of expanded infection control measures
Office. for tuberculosis that were implemented at Grady Memorial Hospital following nosocomial transmission [5, 15] .
Statistical Analysis
These infection control measures have been reported previously [15] and included the following: (1) administrative
For univariate analysis, rates of TST conversion and prevalence of positive TSTs were analyzed by using the Mantelcontrols -primarily including an expanded respiratory isolation policy mandating the types of patients who were required Haenzel x 2 test and Cornfield confidence intervals for dichotomous variables, and an analysis of variance for continuous to be placed in respiratory isolation at the time of admission (March 1992), the hiring of a nurse epidemiologist to coordivariables. Pearson's x 2 test for incidence density was used to compare TST conversions per 100 person-years worked. A nate infection control activities (July 1992), and mandatory tuberculin skin testing of all health care workers including P value of £.05 was considered statistically significant. Multivariate analyses (logistic regression for prevalence data and house staff on a biannual basis (July 1992); (2) engineering controls -retrofitting rooms (ú50) into negative-pressure resproportional hazards for TST conversion data) were performed by using SAS software (SAS Institute, Cary, NC). piratory isolation rooms (retrofitting was initially accomplished [March 1992 ] by converting rooms that had no recirculated air to negative-pressure rooms by the addition of a window fan.
Results These rooms had less than six air changes per hour pending renovation of the hospital. New intrinsically built negativeOver the 5-year study period from July 1992 through June 1997, there were 2,537 physicians in the Emory University pressure respiratory isolation rooms that had ú12 air changes per hour were put into use beginning in August 1994 TST conversions (10 for foreign medical school graduates and 13 for U.S. medical school graduates) occurred during the third of 2,181 U.S. medical school graduates; OR, 4.94; 95% CI, 3.82 -6.39; P õ .001). The mean age of the house staff with or later testing periods. Twenty-six of the 52 TST conversions occurred among house staff in the Department of Medicine a positive TST at baseline was Ç1 year greater than that of the house staff with a negative TST (30.3 vs. 29.4 years, respec-(tables 2 and 3). During the 5-year study period, the overall rate of TST conversions among susceptible house staff was tively; P õ .001).
Graduation from a foreign medical school was used as a 1.62 per 100 person-years worked; the rate among U.S. medical school graduates was 1.21 per 100 person-years worked. marker for foreign birth because these data were not available. Being a graduate of a foreign medical school highly correlated There was a marked and significant decrease in TST conversion rates following the first 6-month period and complete with being a noncitizen of the United States (data not shown). Multivariate analysis revealed that risk factors for a positive implementation of expanded infection control measures for tuberculosis at Grady Memorial Hospital (figure 1). TST conver-TST at baseline included graduation from a foreign medical school (OR, 3.43; 95% CI, 2.59 -4.55; P õ .001), nonwhite sion rates decreased from 5.98 per 100 person-years worked (July 1992 to January 1993) to 1.09 per 100 person-years race or ethnicity (OR, 2.09; 95% CI, 1.64 -2.65; P õ .001), and being part of the house staff in the Department of Medicine worked over the subsequent 4.5 years (January 1993 to June 1997) (P õ .001), and the rate among U.S. medical school (OR, 1.63; 95% CI, 1.28 -2.07; P õ .001); gender and age were not risk factors.
graduates was 0.72 per 100 person-years worked. TST conversion rates according to residency department are shown in table Over the 5-year study period, 52 of 2,144 susceptible house staff (i.e., those with a negative TST at baseline) had a TST 2; the rates among U.S. medical school graduates only are shown in table 3. When the initial 6-month testing period and conversion; thus, the crude rate of TST conversions was 2.4%. Twenty-one of the 52 TST conversions occurred in January the subsequent 4.5 years was compared, the greatest decrease in TST conversion rates was among the house staff in the 1993 (i.e., first 6 months after initiation of routine mandatory tuberculin skin testing and expanded infection control worked] among house staff in all other departments; P Å .44) despite the fact that about 90% of patients with tuberculosis were worked in the first 6 months of the study to 5.67 per 100 personyears worked during the final 4.5 years of the study cared for by the house staff in the Department of Medicine. An analysis was also performed to assess rates of TST con-(P Å .10). Among graduates of U.S. medical schools, the TST conversion rate decreased from 5.26 (July 1992 through December versions excluding all persons who could possibly have had a staff were lower than those reported for some institutions that care for only a fraction of the number of patients with tuberculosis who are seen at Emory University Affiliated Hospitals Discussion [2] . Multivariate analysis demonstrated that those house staff who graduated from a foreign medical school and those in Although occupational exposure has long been regarded as a risk factor for infection with M. tuberculosis, the exact risk the Department of Medicine were at increased risk for TST conversion. Race or ethnicity, gender, and age were not associof infection in health care workers, especially physicians, has not been completely defined in the nonoutbreak setting [6, 8] .
ated with an increased risk of TST conversion. About 90% of the patients with tuberculosis at Grady Memorial Hospital are Previous studies from institutions in the United States that care for relatively few patients with tuberculosis annually (i.e., õ15) cared for by the Department of Medicine, and the higher rate of TST conversions among this group may reflect greater expohave reported annual TST conversion rates of 0.11% to 1.7% [2, 21 -25] . Reports from institutions that care for large numsure to patients with tuberculosis, especially during the period before full implementation of expanded infection control meabers of patients per year ( §200) have reported annual infection rates that range from 1% to 10% [2, 11, 26 -28] . In nearly all
sures. An increased risk of TST conversion for house staff in the of these reports, participation rates were not specified, variable, or low, which may have resulted in a substantial selection bias Department of Medicine has been reported by Cocchiarella et al. [11] ; these researchers estimated that at Cook County Hospi- [2] . Previous reports that have looked specifically at the risk to medical students or physicians in training have had these tal in Chicago, the rate of conversion among house staff in the Department of Medicine was 18.8% per year compared with limitations and many have involved questionnaires to assess results of TSTs [1, 11, 14, 26, 29] rather than documented 2.2% per year among other house staff from 1989 to 1991. In another report [31] , a TST conversion rate of 13.9% was reTSTs of all house staff.
Our prospective study was carried out in the setting of manported for house staff in the Department of Internal Medicine during their training at Mt. Sinai Medical Center in New York. datory routine tuberculin skin testing of all house staff following implementation of expanded and effective infection control These high rates as well as the annual rate of 13.0% among house staff in the Department of Medicine during the first 6 measures for tuberculosis at Grady Memorial Hospital; these measures are outlined under Methods and have been reported months of our study reflect the high risk and rate of nosocomial transmission of tuberculosis at urban institutions in the setting previously [15] . We were therefore able to define the rate of endemicity and the risk of TST conversions among house staff of incomplete infection control measures for tuberculosis. Our finding of no significant difference in TST conversion rates who spend Ç50% of their clinical rotations at this public innercity hospital, which cares for about 200 patients with M. tuberbetween U.S. medical school graduates in the Department of Medicine and those in other residency departments in the final culosis disease per year. We observed that there was a significant decrease in TST conversion rates from the first 6-month 4.5 years of the study (0.95 vs. 0.65 per 100 person-years worked, respectively) emphasizes the effectiveness and importesting period to the subsequent 4.5 years (5.98 to 1.09 per 100 person-years worked). We believe that the final 4.5 years of tance of infection control measures for tuberculosis. Limitations of our study included the fact that two-step tuberthe study (January 1993 through June 1997) reflect a period of full implementation of expanded infection control measures for culin skin testing [9] was not carried out at baseline. Two-step testing involves repeating the TST a few weeks after the initial tuberculosis and that the higher rate of TST conversion in the first 6 months of the study reflects the much higher risk of baseline test for those individuals who have not been tested within the past year. Two-step testing has been recommended occupational exposure to and nosocomial transmission of tuberculosis (which was noted for other health care workers at Grady because a single TST may elicit little response yet stimulate an anamnestic response so that a second test, when done as Memorial Hospital before implementation of expanded infection control measures that emphasized administrative controls) soon as 1 week later, may elicit a much larger or booster reaction [32] . The booster effect is thought to represent remote [5, 15] .
Although house staff have provided care for large numbers tuberculous infection among elderly persons because the effect is much more common with increasing age [32] . The lack of of patients with active tuberculosis, the overall TST conversion rate among house staff during the final 4.5 years of the study two-step testing at baseline in our study for those house staff not / 9C57$$oc56 09-15-98 18:58:59 cida UC: CID tested in the previous year could have accounted for increased subsequent testing. There was a total of 17 TST conversions for the foreign born house staff; seven of these TST conversions conversions on the first TST following the baseline test and could potentially explain the increased TST conversion rates occurred during the second test, and the remaining 10 occurred during later testing cycles. If we were to exclude all TST observed during January 1993 following the first 6 months of the study.
conversions that occurred during the second test (the first test after the baseline test), the TST conversion rate among the We do not believe, however, that boosting accounts for all or most of the TST conversions seen in the first 6-month testing foreign born house staff would still be much higher than that among the U.S. born house staff. In such an analysis, 10 of period, especially for house staff who were born in the United States. The booster reaction would appear less likely in U.S.
200 foreign born house staff converted during the study period compared with 13 of 1,892 U.S. born house staff (OR, 6.98; born house staff because many had undergone prior testing during the previous year (either during medical school or self-95% CI, 3.10 -15.72; P õ .001), and the rate of TST conversion was significantly higher among the foreign born house staff assessment), because of their relatively young age (most house staff were in their mid to late 20s, and because the booster than among the U.S. born house staff (5.29 vs. 0.44 per 100 person-years worked) (RR, 12.02; 95% CI, 5.27 -27.40; response is recognized much more often in older individuals), and because of the fact that BCG vaccine is not generally P õ .001). The higher rate of TST conversions among foreign medical used in the United States [9] . We believe that a more likely explanation for (and a primary reason for) the higher TST school graduates could also be due in part to late boosting, as it has been proposed that TST conversions for serially tested conversion rates during January 1993, especially among U.S. born house staff, is the increased nosocomial transmission behealth care workers who have received BCG vaccine may in fact represent booster responses to previous BCG vaccination fore full implementation of expanded infection control measures for tuberculosis. The rate of TST conversions among rather than new infection with M. tuberculosis [8] . Another possible contribution to the higher TST conversion rate among house staff in the Department of Medicine in the first 6 months of the study (13.0%) is similar to that reported for nurses at foreign medical school graduates would be exposure in their home country during vacations. Interpretation of TST results, Grady Memorial Hospital on general medical wards (13.2%) over about a 1-year period in 1991 -1992 [5] before implemenespecially for those individuals undergoing serial testing, is complicated by BCG vaccination, and this fact underscores the tation of expanded infection control measures for tuberculosis.
A second limitation of our study was that data on country importance of two-step testing of all new health care workers. All individuals with a positive TST should be evaluated for of birth of the house staff were not available; therefore, we used graduation from a foreign medical school as a marker for preventive therapy, including those who are positive at baseline testing, those with a positive booster response, and those with foreign birth. We believe that this marker is very accurate, as graduation from a foreign medical school highly correlated TST conversion (for whom preventive therapy is indicated regardless of age). Given the relatively young age of the house with foreign citizenship. We also did not have data on history of BCG vaccination for foreign born house staff. However, we staff (90% who were younger than 35 years of age), nearly all would have an indication for preventive therapy as per the believe that a high proportion of those graduates from foreign medical schools received BCG vaccine at some time in their guidelines of the American Thoracic Society and the CDC [20] , including foreign medical school graduates with a positive TST lives since they were from countries and areas of the world (e.g., Central and South America, Asia, and Africa) where BCG who have received BCG vaccine. Our comprehensive program provided referrals for house staff with a positive test (either at vaccine is routinely used. The lack of two-step testing of the foreign medical school graduates who received BCG vaccine baseline or with TST seroconversion) to an attending physician who followed up the house officer at no cost and recommended may in part explain the higher TST conversion rate in this group -6.68 per 100 person-years worked overall and 5.67 6 months of preventive isoniazid therapy. Much higher rates of completion of preventive therapy (74% overall and 83% per 100 person-years worked during the final 4.5 years of the study (more than 4.5 times higher than that among U.S. medical among those who initiated preventive therapy) have been associated with our program than have been reported in other series school graduates). Menzies et al. [33] have reported that prior BCG vaccination had a significant effect on the booster effect [35] . In summary, the risk of TST conversion was relatively low in young adults: 10.1% of those who underwent BCG vaccination had a positive booster response. In addition, Sepkowitz et for U.S. medical school graduate house staff who spent a significant amount of time at an institution that cares for large al. [34] have reported that risk factors for booster reactions in health care workers include foreign birth and BCG vaccination.
numbers of patients with tuberculosis. In fact, over the last 4.5 years of the study, the risk of TST conversion for house staff Our data do not suggest however that the higher TST conversion rate among foreign born house staff is entirely due to a in the Department of Medicine, which cared for 90% of patients with tuberculosis, was not significantly higher than that for lack of two-step testing. Most TST conversions for foreign born house staff in our study did not occur during the second house staff in other residency departments. Although tuberculosis will always remain an occupational hazard, effective infectest (i.e., the first test after the baseline test) but did occur during / 9C57$$oc56 09-15-98 18:58:59 cida UC: CID
